DNA-dependent RNA polymerase II has been purified to high specific activity and apparent homogeneity from both calf thymus and rat liver. Two form II enzymes are present in rat-liver preparations, one with the molecular structure 1(190,000)i(150,000),(35,000)1(25,000)dl, the other with a molecular structureof [(170,000),(150,000) -(35,000),(25,000),] (molecular weights are within ±5% but the absolute values are approximate). Inclusion of a proteolytic inhibitor during the isolation procedure decreases the proportion of the molecule containing the 170,000 subunit. Calf-thymus RNA polymerase preparations typically exhibit four components on polyacrylamide gels that contain sodium dodecyl sulfate, with an apparent molecular structure of [(190,000)1(150,000),(35,000)1-(25,000)i]. In addition, some calf-thymus polymerase II preparations contain small quantities of the [(170,OO)1-(150,000)i(35,000)1(25,000)iJ species; the quantity of this species may also be increased from less than 5% in the normal preparation to at least 40% in an "aged" preparation. Thus, the 170,000 subunit may be derived from the 190,000 subunit in both tissues. Until unequivocal evidence is obtained on this point, however, the possibility that the large subunits are unique species should not be eliminated. The general structural similarity of the eukaryotic RNA polymerase II with that of the prokaryotic polymerase suggests that the modes of action and regulation may be analogous.
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Multiple forms of DNA-dependent RNA polymerases have been shown to exist in eukaryotic cells (1, 2) . Polymerase I is localized in the nucleolus (2); its RNA product has the base composition and hybridization behavior expected of ribosomal RNA (3) . These data indicate that the major role of this enzyme is to synthesize ribosomal RNA, although it may transcribe a limited number of other RNA species. Polymerase II, on the other hand, is found in the nucleoplasm (2) . Its product has a more DNA-like base composition and is competed well in hybridization-competition experiments by whole nuclear RNA (3), suggesting that this polymerase synthesizes the bulk of the nucleoplasmic RNA species. A role for polymerase III, believed to be present in the nucleoplasm, has yet to be elucidated. The mushroom toxin, aamanitin, selectively inhibits polymerase II, while forms I and III are not affected (4, 5) . The A 0.5-mi aliquot was applied to 5-20% sucrose gradient in TGMED containing 0.3 M (NH4)2SO4 (rat liver, 0.15 M) and centrifuged for 50 hr at 40,000 rpm and 40C in a Spinco SW40 rotor. After centrifugation, the contents of each tube were collected in about 25 fractions and assayed. Sedimentation coefficients were estimated by-comparison with sedimentation of pyruvate kinase, 10.0 S (7); yeast phosphofructokinase, 17.9 S (8) and Escherichia coli RNA polymerase, (holoenzyme) (12) . RESULTS 
AND DISCUSSION Purification of polymerases from calf thymus and rat liver
The purification procedure detailed in the Methods section is summarized in Table 1 . The procedure through the DEAESephadex step is similar to that developed by Roeder and Rutter (1). The additional purification steps involve phosphocellulose and DNA-Sepharose chromatography, and finally sucrose gradient sedimentation.
Polymerase II preparations from both calf thymus and rat liver exhibit relatively high specific activities: various preparations have ranged from 400-1000. This is similar to the specific activity of the E. coli RNA polymerase plus sigma factor with this template (9) . Using the specific activity of the purified enzyme, and an assumed molecular weight of 400,000, we can estimate from the activity in the initial extracts that the concentration of polymerase II is 800 molecules per calf-thymus nucleus, and 10,000 molecules per ratliver nucleus. From the data of Keller and Goor (11) The assay of enzyme activity was described ( (14) . 0.10-ml samples were dialyzed against 59 mM Tris-phosphate (pH 6.9)-10% glycerol-1.0 mM S2 threitol containing 0.10 M (NH4)2SO4 for the calf-thymus enzyme (la) and 0.05 M (NH4)2SO4 for the rat-liver enzyme (lb). These were layered onto the gels and electrophoresed at 3 mA/gel. tion relative to DNA is much lower in mammalian cells. Furthermore, it is apparent that there is considerable variation in the concentration of polymerase among different mammalian cells. This observation suggests that one aspect of transcriptive regulation may involve changes in the amount of polymerase activity.
Electrophoresis of the native enzyme at high pH
The calf-thymus and rat-liver polymerase II preparations have been electrophoresed on 5% polyacrylamide gels at pH 8.5. These conditions presumably maintain the molecule in its native state and, hence, are termed "native" gels. Figs. la and lb show the patterns for the two enzyme preparations. A single band was observed with the calf-thymus enzyme; major and minor band were evident in the gels run with the rat-liver polymerase. The two bands obtained from rat-liver polymerase were eluted from the gels by finely mincing the stained gel slices in sodium dodecyl sulfate solutions. These species were then rerun on sodium dodecyl sulfate gels as described below, and showed identical band patterns. It is concluded that the two molecular species are very similar, if not identical. Thus, the two bands may represent different states of aggregation or, alternatively, differently charged derivatives of the enzyme.
Molecular weight of the enzymes
Sedimentation of the polymerases with marker proteins [pyruvate kinase, 10 S; fructose-6-phosphate kinase, 17.9 S; and E. coli RNA polymerase, (holoenzyme) 15 .0 S] indicates a sedimentation coefficient of 14.5-15 S for calf-thymus and rat-liver enzymes. The sedimentation properties of these enzymes are very similar to that of prokaryotic polymerase. Minimum molecular weight values calculated from these s values, on the assumption of a globular shape, are about 350,000-400,000. The molecular weight of the E. coli core polymerase is about 380,000 (12)-400,000 (13 (14) . The 5% polyacrylamide gels were 10 cm long; electrophoresis at 90 V was continued until the marker dye (bromophenol blue) reached the bottom (usually 3 hr). The gels were stained in Coomassie blue solution (0.25% in methanol-acetic acid-water 5:1:5) for 2 hr, destained with the same solution without dye, and stored in 7.5% acetic acid. The molar ratios of the components were determined from spectrophotometric tracings of the gels with a Gilford Spectrophotometer equipped with a gel-scanning device. The molecular weights of the components were approximated by comparison of their migrations with those of bovine serum albumin and the subunits of E. coli polymerase (9, 15), which were run either simultaneously Molecular subunit structures of the enzymes The polymerase preparations were electrophoresed on sodium dodecyl sulfate gels. This method dissociates complex proteins into their polypeptide chains, and has been successfully used in the determination of the subunits of several enzymes, including the E. coli polymerase (12, 13) . The precision of the measurement of component molecular weight is (± 5%), but the absolute accuracy, especially for molecules over 100,000, is questionable, due to the lack of availability of appropriate standards. Even the molecular weight values for the E. coli enzyme subunits used as standards are subject to some uncertainty (12, 13).
After sedimentation on sucrose density gradients, fractions from the peak of polymerase activity were electrophoresed. Calf-thymus RNA polymerase preparations exhibit four major components in sodium dodecyl sulfate gels; the amount of each component parallels the polymerase activity profile (Fig. 2) . A similar enzyme preparation was dissociated in 6 M guanidine * HCl, dialyzed against 6 M urea, and then dialyzed against 1% sodium dodecyl sulfate; the gel pattern obtained was identical to that presented here, both with respect to molar ratios and molecular weights of the different components. These experimental results suggest that these components are the ultimate dissociation products of the enzyme. The molecular weights of the bands were estimated to be 190,000, 150,000, 35,000, and 25,000 by comparison of their mobilities to those of marker proteins (bovine serum albumin and E. coli/RNA polymerase subunits) according to the procedure first described by Shapiro et al. (14) . Densitometer tracings of the gels stained with Coomassie blue suggested equivalent molar ratios of each component. The minimum molecular weight estimated from the sedimentation coefficient (370,000) compares favorably with the molecular weight of a structure containing 1 mole of each of the components observed on dissociating gels: [(190 The rat-liver polymerase showed a more complex gel pattern ( Fig. 3) : five components were observed coincident with the peak of activity. The molecular weights are (45%) (l90)000)x, (170,000)1-x, (150,000)1, (352000)1, (25)000)1.
Thus, four of the subunits are similar, but not necessarily identical, to those of the calf-thymus enzyme. The molar ratios of the three lower molecular weight components are equivalent; the molar equivalents of the higher molecular weight components (190,000 and 170,000) always sum to one. The relative amount of the 190,000 component varies from preparation to preparation, from 0.05-0.6, with the remainder of the integral value being made up of the 170,000 component. There is no apparent change in the specific activity of the final preparations with changes in the molar ratio of the 190,000 and 170,000 components. As reported above, the sedimentation coefficient of the rat-liver polymerase is similar to that of the calf-thymus enzyme, and not very different from the E. coli enzyme. This sedimentation coefficient, together with the molar ratios of the subunits, precludes the presence of all five components in one structure. In contrast, the combined data suggest the presence of two enzymes: one [(190 Thus, proteolysis is a possible mechanism for creating two forms of polymerase II. However, the putative modification must be very specific, yielding only one product (the 170,000 subunit) from the 190,000 subunit. Furthermore, it conserves activity, since high specific activity enzyme has been obtained that contains very little 190,000 subunit. Although our data are consistent with proteolytic conversion, they must be considered tentative, and do not rule out the possibility that the two large subunits may be products of separate genes. Because of the uncertainty of the origin and function of these multiple forms of polymerase II, we believe it is premature to propose a specific nomenclature (such as Ila and Ilb).
The small degree of heterogeneity detected in polymerase II, coupled with the fact that this enzyme transcribes a large proportion of the nuclear RNA, indicates that much of the specificity for gene transcription resides elsewhere.
The present studies, however, do indicate a general structural similarity between the isolated eukaryotic RNA polymerase II and the prokaryotic "core" polymerase. This similarity suggests that the general regulatory rules for RNA polymerases in prokaryotes and eukaryotes may also be similar. If indeed the isolated polymerase II is an analogue of the core polymerase, then there may also be the eukaryotic analogue of the a factor.
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